Study aim: To determine the effect of foam rolling on the functional limitations of the musculoskeletal system. Material and methods: The study encompassed 37 healthy and physically active women divided into two groups. Group 1 comprised women who performed self-massage with a foam roller after physical effort twice a week, for two months. Group 2 (control) comprised women who did not undergo any exercises or treatment after physical effort. The study used the following research tools: the Functional Movement Screen (FMS) test, the Core Muscle Strength and Stability Test (CMS&ST), and the Sit and Reach Test. Results: The study revealed that foam rolling minimized functional limitations (as measured with the FMS test). The differences between the first and second measurement in Group 1 were statistically significant (p=0.014). In the control group, the results of both measurements were similar. In the CMS&ST, the maximal result of three minutes was not achieved. Moreover, no improvement of results was observed. In the Sit and Reach Test, a statistically significant improvement in the flexibility of the posterior muscles of the thigh was noted in Group 1 (right lower limb p=0.009, left lower limb p = 0.007). Conclusions: 1. Foam rolling may minimize the functional limitations of the musculoskeletal system. It is recommended to incorporate self-myofascial release techniques after physical effort into training. 2. Using foam rolling helped maintain the results obtained in the Core Muscle Strength and Stability Test. Therefore, foam rolling may help maintain the achieved core stability.
Introduction
In view of the growing interest in physical activity and recreational participation in sports, it is important to promote safety of movement and prevent bodily injury [40] . The risk of sustaining a bodily injury can be assessed by using various methods, such as the Flamingo Test, Rotational Test, Test of Susceptibility to Injury During Falls, Movement Compensation Screen, Core Muscle Strength and Stability Test, Thomas Test, and Dega Test [9, 19, 20, 23, 31, 32] . The tests evaluate balance, range of motion in the joints, and the quality of motion, i.e., the reproduction of complex movement patterns; for there are various causes of bodily injuries. However, injuries most often result from the combined effect of microtraumas, excessive strain on the musculoskeletal system, or inappropriate warm-up [16] .
A comprehensive functional evaluation of the musculoskeletal system in sports can also be conducted with the Functional Movement Screen (FMS) test. It is a screening test that allows for assessing the quality of motion, and motor asymmetries and dysfunctions, which can lead to injuries. Its usefulness has been proven in numerous scientific studies [1, 6, 13, 22, 24, 25, 26, 33] . Specifically, efficient functioning of kinematic chains in correct movement patterns and core stability make human motion safe, which decreases the risk of overstraining and potential tissue damage [3, 29] .
Methods that help reduce the risk of bodily injury include introducing supplementary exercises into training. The exercises do not have a significant effect on achieved sports results, but they may make the muscles more flexible, and improve the ergonomics and symmetry of movement. This prepares the musculoskeletal system for greater strain during sports training [5, 35] . Before an exercising program can be designed, the requirements posed by a given sports discipline should be analyzed. A functional approach to training allows for adopting forms of shaping movement that most closely replicate the conditions during competitions. The progression of motor tasks depends, to a large degree, on the level of fitness and abilities to perform a given exercise. This is why the evaluation of body stability and control, the aim of which is to identify specific functional deficits of the body, is an important consideration, as is the mobility of individual body segments and the entire kinematic chain, as well as muscle endurance and strength. The program should promote strengthening weakened structures and correcting faulty movement patterns [10] .
Popular and effective exercises that supplement training include stabilizing exercises, as well as Pilates and stretching [4, 30, 41] . Moreover, physiotherapy treatments, such as various forms of massage, are becoming increasingly popular [2, 7, 17, 39] . Among these is selfmassage with a foam roller, i.e., a self-myofascial release technique. This form was first used in 1987 by Sean Gallagher, an American physical therapist. Currently, it is a technique that is gaining popularity among both therapists and athletes. Foam rolling is considered a procedure that facilitates post-exertional restitution, which in turn has a positive effect on flexibility [18, 34, 38] . However, the number of publications on the empirical verification of the effectiveness of this method is still insufficient. This is why the aim of this study was to determine the effect of foam rolling on functional limitations of the musculoskeletal system.
Material and methods
Study participants comprised 37 healthy, physically active women (female students at the Medical University of Warsaw), aged between 19 and 26 years, who attended fitness classes (step and fat burning) at least twice a week. The participants were randomly divided into two groups. Group 1 (Foam rolling) comprised women who performed self-massage with a foam roller after physical effort twice a week, for two months. Group 2 (Control) comprised women who did not undergo any exercises or treatment after physical effort (Table 1) . Persons with chronic illnesses or damage to the musculoskeletal system that could affect performance during the tests and exercises or massage were excluded from the study.
On the first day of the study, before starting the exercises, each woman underwent the Functional Movement Screen (FMS) test, the Core Muscle Strength and Stability Test (CMS&ST) and the Sit and Reach Test (for the right and the left side) [11, 14, 15, 27] . Subsequently, persons from Group 1 performed a massage with a foam roller after effort according to instructions for about 20 minutes, twice a week, for two months. The study participants were familiarized with the correct methodology of performing a massage with a foam roller. The participants were instructed to focus more on rolling the muscle groups that were sorer and to massage slowly. The following body parts were massaged, in the following order: anterior part of the thigh, posterior part of the thigh, posterior part of the lower leg, lateral side of the thigh, medial part of the thigh, back, and the posterior part of the arm and shoulder. Exercise 1: The body in a forearm plank, a foam roller below the thighs. Movement: Vertical pushing movements with the arms; the area from the patella to the anterior inferior iliac spine is massaged. Exercise 2: The thigh of the massaged limb is placed on a foam roller, the other limb bent at the knee joint and the hip joint and supported on the ground. The upper limbs supported on the ground. Movement: Vertical pushing movements with the upper limbs, while the lower limb is supported on the ground; the area from the popliteal fossa to the ischial tuberosity is massaged. Exercise 3: The lower leg of the massaged lower limb is placed on a foam roller, the other limb bent at the knee joint and hip joint, and supported on the ground. The upper limbs supported on the ground. Movement: Vertical pushing movements with the upper limbs, while the lower limb is supported on the ground; the area from the calcaneal tuber to the popliteal fossa is massaged. Exercise 4: The body in a sideways forearm plank, the lateral surface of the thigh supported on a foam roller. The other limb bent at the knee joint and the hip joint and supported frontally on the ground. Movement: Vertical pushing movements with the supported lower limb. Exercise 5: The body in a forearm plank, the massaged lower limb bent and abducted at the hip joint and placed on a foam roller. Movement: Sideways pushing movements with the arms; the medial area of the thigh is massaged. Exercise 6: Lying on the back on a transversely placed foam roller, the upper limbs crossed on the chest, and the lower limbs bent at the knee joints.
Groups
Number [11, 14, 15, 27] . The tested female students were also asked to complete a short survey (comprising biometric data, information on bodily injuries and their potential treatment).
Gray Cook and Lee Burton's [14, 15] Functional Movement Screen (FMS) was designed in order to perform an objective analysis of human movement patterns in terms of functional capacity and to predict and prevent injuries in athletes. Thanks to a three-plane movement evaluation it is possible to reveal abnormalities in kinematic chains, as well as to perform a comprehensive assessment revealing asymmetry and significant functional limitations resulting from incorrect mobility and stability of the musculoskeletal system [14, 15] . The FMS comprises seven exercises testing basic movement patterns: 1. Deep Squat, 2. Hurdle
Step, 3. In-Line Lunge, 4. Shoulder Mobility, 5. Active Straight Leg Raise (ASLR), Trunk Stability Push-Up, and 7. Rotary Stability. Performance in each task is evaluated on a four-point scale, from 0 to 3 points (3 points are given for a correct movement pattern, 2 points are given for a compensated movement pattern, 1 point is given when a movement pattern is not performed, and 0 points are given when a movement pattern or a provocation test is accompanied by pain). In total, a tested person may score 21 points. The FMS examination is conducted before exercises, before warm-up. The evaluation is carried out in two plains: sagittal and coronal. A tested person performs a given motor task three times, and the tester assesses the best attempt. If there are doubts whether a pattern was performed correctly, a lower score is awarded. Each side of the body is evaluated separately [14, 15] .
To assess and measure the strength and endurance of core stability muscles, the participants were subjected to the Core Muscle Strength and Stability Test (CMS&ST). The test was repeated twice, before and after the exercises. It involves holding a forearm plank position for three minutes. During the test, the plane of the support is decreased by lifting the limbs off the ground [27] .
The range of motion of the ischiocrural muscles was evaluated with the Sit and Reach Test for the right and the left side. The test was carried out twice, before and after the exercises. The distance from the end of the index finger to the line of the toes was measured with a ruler. The position adopted during the test is a pike sit, with the nontested limb bent and pulled towards the chest and supported by the ipsilateral upper limb. A tested woman was to reach the toes of the straightened lower limb with the other upper limb. Inability to touch the toes indicates limited mobility of the posterior muscle chain, which may lead to the occurrence of incorrect movement patterns [11] .
The data were analyzed using standard methods of statistical analysis and arithmetic means, including standard deviations. The relationships between the variables were determined with the Pearson correlation. The significance of differences between the results of each group was evaluated with the Mann-Whitney U test, and the differences between the right and the left side were determined with the Wilcoxon signed-rank test. The level of significance was set at α = 0.05. The calculations were conducted using MS Excel and Statistica 10 software.
Results
The research showed that foam rolling minimized the functional limitations of the musculoskeletal system measured with the Functional Movement Screen test. The differences between the first and the second measurement in Group 1 (Foam rolling) were statistically significant (p = 0.014). In the control group, the results of both measurements were similar ( Table 2) .
Group 1 (Foam rolling) showed a statistically significant improvement of results in two trials: Hurdle Step (p < 0.001) and Active Straight Leg Raise (p = 0.007). The best results (in both measurements) were achieved in the Shoulder Mobility trial, and the lowest results were achieved in the trial of the strength and stability of the shoulder girdle muscles and trunk muscles, i.e., in the push-up trial. In the Trunk Stability Push-Up trial, one person scored 0 points in both measurements. In Group 2 (Control), the study did not reveal a significant improvement in the results of the FMS test. In the first measurement, 0 points were noted twice in the Shoulder Mobility trial, 0 points were noted in both measurements in the Trunk Stability Push-Up trial, and 0 points were noted during the second measurement in the Deep Squat test. The best results were observed in the shoulder girdle mobility test, and the lowest results were observed (as in the experimental groups) in the two other exercises. The greatest differences between the experimental group and the control group occurred in three trials: Hurdle Step, Shoulder Mobility, and Active Straight Leg Raise ( Table 2 ).
None of the tested women achieved a maximum score (180 s) in the Core Muscle Strength and Stability Test (CMS&ST). The results of the first and the second measurement were similar in both groups. In the Sit and Reach Test, a statistically significant improvement of the flexibility of the posterior muscles of the thigh in the Foam rolling Group was observed (right lower limb p = 0.009, left lower limb p = 0.007). Furthermore, a statistically significant decrease of the flexibility of the posterior muscles of the thigh was observed in the Control Group (right lower limb p = 0.018, left lower limb p = 0.001) ( Table 3) .
A high negative correlation was observed between the number of bodily injuries and the overall result of the FMS test (measurement 1). In the second measurement, the correlation was not significant (r = −0.123). The strongest correlation among all the exercises in the test was noted in the case of Deep Squat (r = −0.334, p < 0.05), Active Straight Leg Raise (r = −0.299, p < 0.05), and Shoulder Mobility (r = −0.287, p < 0.05). The total result of the first FMS test correlated negatively with the number of bodily injuries in all groups. The strongest correlation concerned Group 1 (Foam rolling): r = −0.633 and p < 0.01 (Table 4) . Low correlations were observed between the results of the FMS test and age, body height, body mass, and BMI.
High positive correlations were observed between the majority of the results of the Functional Movement Screen test and the Core Muscle Strength and Stability Test. The highest level of significance concerned the Control Group. A correlation between the result of the FMS test and the flexibility of the posterior muscles of the thigh was noted in the first measurement in both groups, and only in Group 1 (Foam rolling) for the left side in the second measurement (Table 5) .
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Discussion
This study showed that self-massage with a foam roller has a positive effect on minimizing functional limitations, which may lead to the occurrence of bodily injuries and pain. This study revealed a statistically significant improvement of performing movement patterns and an increase in muscle flexibility after a set of exercises with a foam roller. Škarabot et al. [36] also observed a positive result of a foam roller. After using the above-mentioned method (and stretching), an increase of the passive range of motion in the tarsal joint was observed in young swimmers. The methods had a similar effect on increasing mobility in the tarsal joint when applied both separately and in combination [36] . Stevens observed an increase of mobility and functional capability of athletes, as well as a reduction of the likelihood of sustaining bodily injuries after a massage with a foam roller. Foam rolling improved joint mobility and the functionality of the massaged muscles [37] . Performing supplementary exercises (self-massage) as an active form of regeneration has a considerable advantage over the passive form of post-exertional regeneration. It prolongs muscle hyperemia, which facilitates their regeneration [28] .
In the prophylaxis of bodily injuries, it is important to indicate the likelihood of sustaining an injury and to identify existing dysfunctions of the musculoskeletal system. This is possible thanks to the Functional Movement Screen test. The test is used for evaluating movement patterns and functional fitness of athletes and physically active persons [1, 13, 22, 24, 25, 26] . Chorba et al. [12] researched the effect of the compensation of movement patterns on the predispositions for injuries in young female athletes. The study showed a significant negative correlation between the result of the FMS test and the occurrence of bodily injuries [12] . Garrison et al. [16] and Kiesel et al. [21] reached similar conclusions. They also revealed that results equaling 14 points and less indicate a predisposition for sustaining injury in the future. The groups tested as part of this study obtained an average score below 14 points in the first measurement. After eight weeks of applying selfrelaxation techniques using a foam roller, the exercising persons obtained a result above 15 points, which indicates moderate susceptibility to bodily injuries. Therefore, it can be assumed that foam rolling contributed to minimizing the risk of sustaining injuries.
The present study revealed significant positive correlations between the results of the Functional Movement Screen test and the Core Muscle Strength and Stability Test; however, two months of training combined with selfmassage using a foam roller did not result in the improvement of the result of the CMS&ST. Similar correlations were observed by using core stability training in female basketball players [8] .
The FMS test is a tool that is used frequently and is widely discussed in the literature. It is used among athletes of many sports disciplines. It allows for a functional evaluation of movement patterns and the predisposition to bodily injuries due to the practice of sports disciplines. The FMS may be used for determining the likelihood of sustaining bodily injuries and identifying weak points in athletes' kinematic chains. It allows for focusing on weak points and improving the functional fitness of athletes, and, as a consequence, reducing the risk of suffering a bodily injury [1, 12, 21, 25] .
In scientific publications, there is a visible need to conduct a greater number of studies that will allow for broadening the knowledge on the effect of self-myofascial release on the musculoskeletal system, and comparing it with other methods. Research should also take into account the effects of self-myofascial release achieved by * p < 0.05 
